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NAT50NAL.’ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOT3 NO. 912

A SUBPRESS B’OR COMPRESSIVE TESTS

By C. S. Aitchison and James A. Miller
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A %ubmress for compressive tests is “descri%ed. The

-subyress wis designed p;imarily for use”-in developing and
investi#@ting methods for testing thin sheet metal in
compression. Provision was made for testing fixpd-enti
and fla~-=nd specimens with’ or without various types of -
lateral sulport” against buckling. .—.

Compressive stress-$tra%n data for a sheet of 0.032-
. inch 24S.13!Ialuminum alloy were obt”aine~– with the su%press “-

%y the ~ahk method and by.the single-thickness method:
The data. shbwed small scatter and the stre”ss-sfirain curves
obtaiped’ by the two methods ‘were in close agreement .
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he’subpress” des’cri%ed”’in’this” repoyt was- c’ori8”t%~ci’ed’ -

%
as Y-a-(of a p$o.jbct on-methods:”of testin~’ thin eheet
metal” % end compression which is being .conduct-ed ‘at the “+
Nation@~9ureau of Standards for the Bureau of ~eronautfcs,
Navy D<P&rtment. -...

A subpress was desired which would serve two purposee:

c Rigid ”clamping and axial loading of” iiiig~e strips.,,, to &6termirie” ’bucklirig loads “ --

2!_4xial loading of specimens and slender packs to
obtain compressive ~tress-~train data

!“

,,

A vice to” Ser+e the first purpose .wai desired ’as
.

k

“a res:l- of Quckliug tests made some yeari a~~ “by the -—

authors detect differences in coti~r”es%lve properties
of sheetz’~al.

\

It ‘was found in relati”veij” tiirnple’~;~ts ; --

with impr ised fixtures that the buckling loads of &lirips
of sultab ~imensioris may be used to indicate differ-
ences in repressive yield strength. The differences —

.-._. .- —+.... .. . ... ---
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b .— -.:



2 NACA Techriical ““Notie-No. 912 “v

in buckling loads were of the” sime order as the differences
in the buckling loads derived from t-he stress-strain curves
on the basis of reduced modulus. However, the deviation
from ideal clamping was too great to obtain a quantitative
check against the compressive stress-strain curve of the
material.

Recently Lundquist, Rossman,and IIoubolt (reference 1)
have used similar tests of rigidly clamped strips to de-
termine the column curve of sheet metals. A special
clarnpfng fixture was used and a correction was applied to
the column fixity coefficient--to take care of deviations
from ideal restraint at the ends caused ly the elasticity
of the clamps and. of the specimen.

Accomplishment of- t-he second purpose appeared desir-
able as a r’esult of a large amount of experience with
compressive tests. It was found t-hat compressive testg
in t-esting machines which had a tendency t-owarde lateral
displacement of the upper head relative tb ‘the lower head
resulted in.prg’mature failure of the specimen. Such fail-
ures would be prevented. if the specimen were placed be-
tween the heads-of a subpress which would keep. the load in
line regardless of relatlve displacement ?f the heads of
the testirig machine.

This paper describes the subpress and gives the re-
sults of compressive tests with the subpress on a eheet
of aluminum alloy 24S-RT, O.032 inch thick by the pack
method (reference 2) and by the 8in.gle-thick~ess method
(reference 3). .“ “

.-.. . ..—

.
4.

THE SUBPRESS

The subpress is shown in the drawings (figs. 1 to 3)
and photographs (figs. 4 and 5). l?h~ dimensions of the
parts are given in table 1.

/
Spec2al ‘consideration was given to the design of the

plunger. In order to obtain nearly axial loading without
an excessively logg plunger, it was necessary to have
very little clearance betweeri the plunger and the guide
block. In the subyr,ess,as construcfied; the minimum clear-
ance was approximately 0.00G35 inch. A decrease in this
clearance due to lateral expansion of the plunger under
the action of the test load was prevented: by.applying ‘

I
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this load through a’pusQ,rod acti~g. on the portion of the
piunger between the guide %lock”ahd” the s~scirnen. !llie”
load wae transmitted through a spherical bearing at th~
lower end ef the push rod., The upper end of the push r-d
was a spherical surface concentric with the be&ring so
that the line of application of the load remained as
nearly as po88ible coaxial. with. the plunger during a lat-
eral displacement of the heads of.the testifig machine .-

relativ6 to e“a~h other. As a result normal. forces and
hence frictional forces between the plunger and the guide
block were kept to a minimum. The sliding surface of the
plunger was chromiurn-pla~ed to pr6v8nt corrotiion.. .—., .—.—.

The subpress was provided with built-in clamps for
fixed-end tests pnd bearing blocks for flat-end tests.
The upper bearing block ie a permanent. rnagpet of suffi-
cient strength te hold itself against the plunger’. ProVi- ,
sion was made for screws for adjusting .~he pins for pack
tests, Space was provided for jig8 for ayplying lateral
support, such as the ?iontgomery fixture tised,in single-
thickness tests.

,T

COMPRESSIVE, TESTS IN,,TE@.SUBPRESS,,
. . .

s“pOc&,le ;.”:: .,.,. . . .,,. ... .... . . :: ...: ----—. ~-.._ ..-2. &
.,

,.,
. . .—A

,.

‘Compressive -te~ts ;ere,.made”;y’:$he pack” rn~thod-”and’”
.—.-

by the single-thickness me.thad on” sp~cimens of aluminum
...

alloy 24S-RT eheet 0.032 inch thick. The ’specimens were
taken from the sheet in the direction of rtlling
(longitudinal) and acro?s:the direction of rolling
(transverse). Duplicate tests-of e&ch kind were made.
The specimens were cut. from the central portion of the “
sheet . The, location qf each specimen was chosen to elim-
inate as far as pos8i.ble.’$fieeffect of tariation in
prepertiee in different portions of the sheet. The spec-
imens for the packs were from locations between the
corresponding pairs of single-thickness’ specimens.

.-

Pack.Tests

Each pack was compo.sed. of a“O~~2-inch wide middle-.
specimen ,and twelv”e 0.50-inch wide .qupporiing speEimens.
The specimens-were clamped togethez.near t$e ends-between .-

pieces of .3/16-inch square ~old’rol~ed s~eel~ These”
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clamps were loft on du’rin~””{h~‘~est”. E&~hp&ck wa,~”:ab;~~...
2.1 inches long. ,., ..”.. ~ . ...

.,. ..’..
... .. .

● ✎

T!he cross- sectional area of”each pack was’”determiri~d
by the weight method. (reference 4-). .

The packs,were test?d, (fig. 6) betwee;”hardene~ and
gro~nd sieel bearing blocks with the subpress in a beak
and-poise, screw-ty~e testing machine having a. 5-kip ~nd”.
a 50-kiy poise. TO apply the load untformly,’a shf.m Of. ,
plaster of paris was cast betweenthe uppqr block and a
block in contact with the movable head of the suhpress.
The plaster of,paris set while the specimen was under the
ini~ial load. ,.

La~erAl support .agairist buckling was provided on
each side of the pack by 33 pins in 3 columns of 11 rowi;
spaced Qn 3/16-inch centers.

~t%ain was measured” by a pa$r of Tuckerman l-inch
optical strain gages. The gages were attached to opposite ,

edge faces of the middle specimen. .

The results of the tests are gi”ven in table 2 a;;ethe #

etress-strain curves are shown in figures 7 and 8.
value of Young!s modulus for each specimen Is t-he slope of
a least-square straight line fitted to the lower portion
of the stress-strain curve. The yield strength (ofZqet =
0.2 percent) was obtained from the stress-strain curve and .

the experimental value of Young?s modulus,
.,.

I,,
Single-Thickness Tests I

&

The single-thickness tests were made on 8p63CiM63nS
nominally 5/$3 inch wide by 28 inches long. Lateral sup-
port against premature buckling was provided by a fixt~re
(reference 3) having roller guides, spaced on O.lTinch .,
centers.

. .

The cross-sectional area of each specimen was deter-
mined by the weight method (reference 4)*

The specimens were tested, figure 9, between hardeneU—
and ‘ground steel bearing blocks with the su.bpress in’ a w
beam and poise, screw-type testing maohine of 50-kip
capacity with the, 5-ki~ poise: : .-.,--— —

●
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Strain was measured by-a pair of l?uckerrnan I-l fich”
optical strain gages. The gages were attachea t~ o~’oiitie
edge faces of the specimen.

. =—..
-. .

The results are given in. table 2 and the stress- .
strain curves arq shown in figures lo aid 11.

Discussion

The values of Youngls medulus in both the longitudi-
nal and transverse directions ranged from 10,650 to 10,750” ‘“--.
kips per square inch,and the average value was 10,694 kips

—---

per square inch. The maximum yariation from the average .
was less than 0.6 percent. — .

.-

T!he values of yield strength (offset = 0.2 percent)
in the longitudinal @frection.ranged f~om 57.0 to ~.~
kips per square inch, and th~ir average value was ~?.~2 -
kips per square inoh. The maximum tiaFiation from the av-
erage was less than 0.4 percent. The yield strengths in
the transverse direction ranged from 61.3 to 61.4 kfps per
square inch, and their average value was 61.38 k-ip= j=r ‘-
square inch. The.maximum variation from the average wae “
less than 0;-2 percent. . . .

The stress-deviation curves, (figs. 12 and 13) were
plotted to facilitate c-om-paris,~nof,,the.curves frorn-p~”-’”
and single-thickness tes$s f“o~:.”-sg~yen. direction; I?or
these curves the values ~.or..deviati~fiwere computed hy

—.

subtracting from a given value of strain’a value ob-tained
—.

by dividing the corresponding stress by an average value - “- ““ ‘“
of Young’ s modulus. For the longitudinal specimens the ~ ,
average value was 10,712 kips per square inch, and for
the transverse specimens 10,675 kips per sq”u”areinch.

-.

The stress-deviation curves show close agreement be-
tween stress-strain data from tests of flat-end packs and -
those from tests of single-thickness specimens.. —

i CONCLUSIONS

The compressive tests made with the subpress gave
very consistent results. Practically identical stress-
strain curves were obtained by the pack method and by
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the single-thickness method for 0,032-inch aluminum alloy
24S-RT sheet.

‘ National Bureau of Standards,
.-

Washington, D. C., September” 29, 1943.
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Name

6-inch ship Ch3nnels

Upper backing plate

Lower backing plate

Guide block

Spacer block

Stationary head

.

Piunger

Pnsh rod

G.anteri& ring

,.
i%-.el ball”
Hemispheri,cti b-

ings

Clamp reaction

‘blocks

Seating plates

Jawpl.ates with

vertical axis

clamp for jaw

glat. ea E
Jaw-plates with

horizontal eti.s

Sjmbol

end

fignre

number

A-1,2,3

B-1 ,2

0..1,3

&l

E-1,2,3

Y-1,2,3

G-1,2

E-1,2

Z-1,2

ii-l

G1,2.3

L-1,2,3

Y2-1,3

X-1,2,3

o-1,2,3

P-i,2,3

>ength

(in.)

1773

%

3

7$;

3

4+

13$

u+

“1/s’

,,

4

9/16

1

23/32

‘All psrin Etael 6xcept where noted.

Width

(ill.)

5
5
55
5&

. . .

.,

4’

1/2

9/16

chick-l

ness

(in.)

3/k

3/4

6
6
.*

@

1/32

. .

Size-

hread
Remarks*

feight 15.3 pounds per linear foot.

Diameter of hole ~ inches.

right fit on stationag head.

Diameter rednced to 2.4=5 inches for

upper l+ inches. Extends below

spacer block so that spacer block

cleam head of machine.

Diemeter reduced to 2.45 inches for

lower 1* inches.

i’opsurface spherical,

$

oncmtric

with eteel ball J at ower erit.

Zole 12 center for-easy sliding fit

on push rod E; relievetmfor

loWer 3/32inch.”

Eole in center for close sliding

fit on reduced ends of parts ~

‘acd G.

Etalf Under.
7

!3ssSlot (not
shown for retainbg pin (not
shown)in clamp O.

Close i31idi.ogfit in clantp holt?s in
pl-mgerend st~.:ion~ head.

Ealf cylinder with =&9 relieved for

loosefit in dl~ kale inpluuger

or Btationcsy head.

“m

k!
0.
co
I-J

to

A. .,.



Name

Clamps far jaw

plates P

Pinfj to restrict ro-

tation of clamps

Holes for screws

for pack test

Cwiaes to restrict

rotation of plunger

Backing plate bolts

Set screws for clarq

reaction blDck~

Olemp bolts

Dust washers

Dngt washer retainerE

Cuonterweights for

ylmgers

Haudles

Oil cup

Bearing blocks ‘

Symbol

and
figure

number

R-1,2,3

r-l

u-1,2,3

v-1

4,5,6

z
&
9

Jeu%h

(in.)

1

*MI parts stool except whero noted.

s+

!iMBml1.- (concluded

Lidth

:%)

?hick-

,}ess
,ln.)

Diam-

eter

(is.)

3/4

3/3~

6-40

lj2-2a

3/%16

‘/16-20

A

Remarks*

lose sli.dingfit in clamp holes in

plunger and stationary head.

kacd.on 3/16-tnch centers.

!wo 3/&inchboltstithl/4-tifi
brass ineerts in head. Average

clearance with channel 0.005 inch.

iot mdsefi on &rawingO.

Do.

Do.

(Ot sb.ownon drawings, uteri~ f~t-

Do. , materbl brass. !2
0
+

Do. UJ

Do.

Do.

.Do.

a
, materiel brass. 0

, separate hardened “

and ground steel $

blocks. co

.@

I
1



%

.6

u

A

B

L

u“

7
L
F

c

d

.

NACA Technioal Note No. glZ

.

/
1

/

/

,

I

.

/

-.-.

E
I .,,

--

I

-A

-B

-v

w

-K
“E
-c

Figo 1

Q-

Ftg. 1. Subpress$front elevation$section●t center=



*

NACA Technical Note No. 912
r

.

.-

.. ,

A

R

u
x

ro
..—

L

L -

000

000
—00

000
000
000 /

–B

.L

-K

-P
-N x,—..
-K 7

-F

—

Fig. 2

.

..

~igo 2*,~pzesst aide elevation, part section at oenter.a

.-

-. _—— ..— - . . .. .-—



, ,

AAKV’

●

F

“o 5 /0
1 I I I I I I I I I I 1

Scale: k

-4

m
?ig. 3. Subpress, plan, seethn at X-X, fIgure 2.



NAOA Technioal Note No. 912

Fig. 4. Su3press, front ~iewa
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Fig. 6. Pack compPessiW test with subpresa.
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0 .001 .002 .003 .004 .005 .CK16 .007 .0’00 ,009
S-train

Fiqure 7.- Compressive stress-strain curves, 0.032-in. aluminum
alloy 24S-RT sheet, Ionqitudinal packs.
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Fiqure 8.- Compressive stress-strain curves, 0.i)32-in. aluminum
al toy 24S-RT sheet, transverse packs.
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Fig. 9
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Fig. 9. Sin~le-thlc=gs eoxnpressi~e test with suppress.
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Alumhwm Allby ?45-RT
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~ J<” I I I I I I I ● I I I [ I I I 1.
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Struin’

Figure IO.- Compressive stress-strain curves, 0.032-in. aluminum al Ioy
24S-RT sheet, longitudinal single-thickness specimens.
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Figure 11.- Compressive firess-strain curves, 0.032-in.
2zH-RT sheet, transverse single-thickness
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Figs. 12,13
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Fiqure 127 Compressive stress-deviation curves 0.032-in. aluminum al Ioy ti
24S-RT sheet, longitudinal specimens. x
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Figure 13.- Compressive stress-devia+ion curves, 0.032-m. aluminum
al toy 24S-RT sheet, transverse specimens.

—

—


